Aggression is ubiquitous among animals, and contest outcomes in many gregarious species yield societies structured by dominance hierarchies. Recent results from a variety of disciplines have laid the groundwork for an integrative view of aggression and dominance, ranging from their physiological underpinnings to their evolutionary histories. Here we use Tinbergen's four levels of behavioral analysis to summarize our current understanding of aggressive behavior and dominance relationships. First, we discuss the role of epigenetic effects in the ontogenetic emergence of aggressive and rank-related phenotypes, and summarize how these phenotypes are mediated by endocrine and nervous system activity. We briefly review recent work on the functions of aggression and dominance hierarchies in animal societies, and then consider their phylogenetic history. Finally, we review methodological encumbrances to the study of dominance, and consider the unique evolution of aggression and dominance relationships in humans.
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Introduction
Aggressive behavior occurs ubiquitously in the animal kingdom, in creatures ranging from sea anemones to humans. Aggression can take many different forms, so we define it here as harmful, potentially harmful, or threatening behavior that is directed toward conspecifics, and tends to increase the distance between an attacker and its opponent. Although aggressive behaviors occur in myriad contexts, we will refer mainly to behaviors occurring in association with actual or anticipated competition for resources. In contests over limited resources, success is often determined by aggressive behavior. In many gregarious animals, repeated aggressive interactions among members of a social group result in stable asymmetric relationships between individuals; an emergent property of these repeated interactions is a dominance hierarchy that structures the entire society [1]. Higherranking animals consistently defeat lower-ranking animals in agonistic encounters [2] , although the most dominant individuals are not necessarily the most aggressive [3, 4 ]. Dominance-related behavior depends on recognition of social status and the intentions or motivations of potential opponents [5,6 ,7] . Although aggression is usually necessary for hierarchy formation, once established, a stable hierarchy can suppress further aggression and unwanted fights among group members [1] . An individual's position in a dominance hierarchy usually determines its priority of access to key resources. Social rank can thus have profound effects on health, aging and fitness measures (e.g., 8-10). Other work has also revealed important effects of an individual's rank position on many other aspects of its biology, including its circadian rhythms [11] immune function [12,13], brain development [14] , and patterns of gene expression in the adult brain [15, 16] . Here we frame our review of aggression and dominance in the context of Tinbergen's [17] four levels of analysis in the study of behavior. Thus we highlight recent insights regarding the ontogenetic development of aggression and dominance relationships, the physiological and genetic mechanisms mediating these phenomena, their adaptive significance, and their phylogenetic history.
Ontogenetic development of aggression and dominance

Development of aggressive behavior
Early rearing conditions have powerful effects on adult aggressive behavior in animals as diverse as humans [18 ] , pigs [19] , rodents [20 ] and birds [21] . Longitudinal studies initiated at birth in humans show that physical aggression is more frequent in early childhood than at any other time during the life-span, and that high levels of aggression in adults often ensue from failure to develop the ability to inhibit aggressive tendencies [18 ] . Infant pigs that experience higher rates of aggression from littermates while suckling mature to be more aggressive after weaning [19] . Adverse rearing conditions can put individuals on a chronic trajectory of aggressiveness that persists from early life to adulthood. Studies of rodents, humans and other primates show that various types of early adversity, including repeated maternal separation and neglect, strife between parents, post-weaning social isolation and peri-pubertal stress, can each independently induce the 
